This study aimed to investigate the effect of canagliflozin (CAN) or metformin (MET) on investigated biochemical parameters in obese diabetic rat model. Obesity induced by melted butter administration and hyperlipidemic rats were subjected to streptozotocin (STZ; 35 mg/kg i.p) to develop the diabetic model (D). Animals were grouped as control (C), D none treated and diabetic treated with CAN (10 mg/kg) or MET (100 mg/kg) for two and four weeks. Both treated groups showed significant reduction in body weight and CAN group exhibited significant decrease in oral glucose tolerance test (OGTT) as compared to D or MET group in the experimental periods. Both drugs showed hypolipidemic activity by reducing total cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL) and elevating high-density lipoprotein (HDL) as compared to D group values in the two intervals with advantage in MET effect. Both treatments achieved significant reduction in the diabetic elevated serum values for liver and kidney functions. These results indicate that butter high-fat diet and low dose of STZ makes normal male adult rat associated with hyperlipidemia, glucose intolerance and disturbed liver and kidney functions. Treatment by either CAN or MET resisted the metabolism disturbance of the butter high fat diet/STZ -induced obese type 2 diabetes mellitus rats.
INTRODUCTION
Data from the World Health Organization (WHO) shows that overweight and obesity prevalence has increased dramatically throughout recent decades accompanied by increased rates of type II diabetes (T2DM) in the Middle Eastern/North African region. This is greatest in the Arabian Gulf area characterized by significant changes in socioeconomic status and lifestyle. The International Diabetes Federation (IDF, 2011) statistics for T2DM showed six Arabic-speaking countries, Kuwait, Lebanon, Qatar, Saudi Arabia, Bahrain, and United Arab Emirates among the world's leaders in terms of T2DM prevalence. The prevalence rates among adults showed the highest in Kuwait (Badran and Laher, 2012) . Insulin resistance accompanied with obesity for incidence of DM previously discussed (Luis-Rodríguez et al., 2012) . According to the National and International Guidelines, metformin (MET) is *Corresponding author. E-mail: nadianeuro@yahoo.com. Tel: +966 073210869; 0563725278. Fax: +966 073211052.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License the recommended first-line oral therapy for the treatment of T2DM (Nathan et al., 2009) . This is down to several factors, including the safety record of the drug used for over 50 years and the fact that MET treatment is weight neutral or result in weight loss. MET, a partial insulinsensitizing agent, is the gold standard first-line treatment for T2DM. This recommendation based on data from the UK Prospective Diabetes Study Group (UKPDS, 1998) . Invokana (canagliflozin, CAN) is a sodium-glucose cotransporter 2 (SGLT2) inhibitor. SGLT2, expressed in the proximal renal tubules, is responsible for majority of the reabsorption of filtered glucose from the tubular lumen. By inhibiting SGLT2, CAN reduces reabsorption of filtered glucose and lowers the renal threshold for glucose (RTG), and thereby increases urinary glucose excretion. The Food and Drug Administration (FDA) approval of Invokana was 29 March, 2013).
The present study was carried out to investigate the effect of either CAN or MET on some biochemical parameters in blood of insulin resistant rat model induced by high fat fed rats subjected to low dose of streptozotocin (STZ).
MATERIALS AND METHODS

Animals
This study was carried out on adult male albino rats (Wistar strain) (150 ± 10 g) obtained from the animal house of National Organization for Drug Control and Research (NODCAR). The experimental animals were allowed to acclimatize under the laboratory conditions two weeks before the beginning of the experiments and kept under controlled temperature of 21°C and 12 h light/12 h dark cycle throughout the experiment. Animals were feed on AIN-93G diet in pelleted form for complete diet composition as a standard diet (SD) (Reeves et al., 1993) . The food debris, feces and urine were removed daily to prevent food and water contamination. The animal care conforms to the Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85-23, revised 1996) . 
Drugs
Animal model of diabetes
Rats following adaptation period had ad libitum access to SD pelleted form. A group of rats left as control normal SD fed. The rest animals were used for the diabetic model using high fat diet manipulation and low dose of STZ. The modification in Srinivasan et al. (2005) model by using butter rather than lard for the high fat feeding as the high availability of saturated fatty acid (SFA)-rich foods in today's obesogenic environment could contribute to develop and maintain obesity. According to the USDA National Nutrient Database Release 27, butter composition reported for SFA (51.368%), monounsaturated fatty acids (MUFA; 21.021%) and polyunsaturated fatty acids (PUFA; 3.043%) (Basic Report 01145, Butter, without salt), meanwhile that in lard reported SFA (39%), MUFA (45%) and PUFA (11%) (Basic Report 04002, Lard).
Fatty acids analysis of butter sample by gas chromatography
Methyl esters of fatty acids (FAME) prepared by transmethylation of butter sample using sulfuric acid/methanol (5/95 v/v). Fatty acids in butter sample were determined by gas chromatography (GC) ( Figure 1 ) using Agilent GC 7890 system with FID detector and a split/splitless injector port (Palo Alto, CA USA). The column used was HP-5 fused-silica capillary column (30 m × 0.32 mm), coated with 5% phenylmethylsiloxane (0.25 µm). The GC temperature programming using detector temperature 300°C, inlet temperature 250°C and initial oven temperature 100 to 216°C ramping rate (12°C min -1 ), to 218°C (2°C min -1 ) and to 240°C (12°Cmin -1 ). The recorded fatty acids depend on available reference standards.
High fat diet manipulation
Animals in line with the SD feeding administered orally by 1 g of just melted butter for ten days in line with the SD and the dose of butter increased in the next ten days to 2 g according to the animal body weight. At the 21 day, retro-orbital blood samples collected by experienced animal technician under light diethyl ether anesthesia using glass micro-capillary tubes and collected in centrifuge tubes to separate serum to confirm hyperlipidemia.
Lipid profile screening
Serum used to confirm hyperlipidemia through estimation of total cholesterol (TC) and high-density lipoprotein (HDL) using EnzyChrom™ AF Cholesterol and HDL Assay Kit (ECCH-100 and E2HL-100). Triglyceride (TG) using EnzyChrom™ Triglyceride Assay Kit (Cat# ETGA-200), low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL) calculated based on the Friedewald equation (Friedewald et al., 1972) . LDL (mg/dl) = TC-HDL-TG/5 VLDL (mg/dl) = TC-HDL-LDL.
Development of STZ-treated type 2 diabetic rats
Hyperlipidemic rats injected at day 22 with STZ (35 mg/kg i.p) were dissolved in sodium citrate buffer at pH 4.5. Animals continued butter supplementation in line with SD for another one week. Hence, animals were fed high-fat diet (HFD) for four weeks. After one week from STZ injection, blood samples from lateral tail vein was used immediately for determination of blood glucose level to assess diabetics using glucometer (OneTouch, Johnson& Johnson Medical). The devise was cleaned after each monitoring by 70% ethyl alcohol. Thirty-six animals with blood glucose level >180 mg/dl were selected as diabetics and included in the experiment and 12 animals were used as control.
Experimental groups
Groups were divided into four groups administered daily oral (PO) as control group (C) (2 ml water) and diabetic group (D) a model according to Srinivasan et al. (2005) . CAN group (D+CAN) diabetic rats were administered CAN (10 mg/kg) according to Liang et al. (2012) and MET group (D+MET) diabetic rats were administered MET (100 mg/kg) according to the Guidance for Industry and Reviewers by FDA (2002) . The administration of butter continued throughout the extended experimental periods (2 and 4 weeks of either CAN or MET treatments). Body weight was recorded weekly from the initial body weight after acclimatization until the end of the experiment.
Glucose tolerance test
Animals were sacrificed at the end of 2 and 4 weeks of treatments and a day before sacrifice they were deprived of food and oral glucose tolerance performed on blood samples from lateral tail vein after 30, 60, 90 and 120 min of oral glucose load (2 g/kg body weight).
Biochemical parameters
Animals were sacrificed after 12 h from the last administered dose by rapid decapitation and blood glucose level determined using test strips of a glucometer (One Touch Ultra, LifeScan, Milpitas, California, USA). Serum cholesterol, HDL, LDL and VLDL were determined. Aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT) and alkaline phosphatase (ALP) activities were determined using DiaSys Diagnostic kit. Creatinine was determined using Spinreact kit and serum uric acid assayed enzymatically using DiaSys Diagnostic kit.
Statistical analysis
Reported values were represented as means ± standard error (SE).
Statistical analysis was evaluated by one-way analysis of variance (ANOVA) with least significant difference (LSD) post hoc test and comparisons were performed to assess the significance of differences among various groups at p<0.05 using Statistical Package for Social Science "SPSS" for Windows software, Release 20.0 (SPSS, Chicago, IL).
RESULTS
Effect of high fat diet on serum lipid parameters
Data presented in Figure 2A showed significant increase in serum TC, TG, LDL and VLDL as compared to the corresponding control values recording 25.70, 24.05, 185.19 and 24.04% as percentage difference from control value, respectively. Meanwhile, HDL is not statistically different with a decrease (-11.82%) as compared to control value.
Effect of treatments on body weight
Results in Figure 2B showed significant increase in the body weight of all groups as compared to their corresponding initials. Diabetic and treated groups from the 4th week exhibited significant decrease in the body weight as compared to control values until the 8th week of the experiment. Treatment with MET was recorded significant decrease in the body weight as compared to D group or D+CAN group in the corresponding period, especially at the last two weeks.
Effect of treatments on oral glucose tolerance test (OGTT)
The oral glucose tolerance results are as shown in Figure   3 . Fasting glucose levels of normal rats reached their peak values at 60 min following glucose intake. The glucose levels recorded in diabetic group was significantly elevated as compared to the control ones from fasting until 2 h of glucose estimation, representing peak values at 60 min following glucose. Data about D+CAN groups in the two time intervals were significantly lower than that of the D group throughout all the detected times for glucose level. Meanwhile, data about D+MET groups in the two time intervals was significantly higher than that of D+CAN and significantly lower than that of the D groups throughout all the detected times of glucose level.
Effect of treatments on serum lipid profile
Data in Table 1 showed that D group recorded significant increase in the serum TC, TG, LDL, and VLDL and significant decrease in HDL as compared to the control level after two and four weeks with significance between results of the 2nd and 4th week of diabetes. Treatment with CAN achieved significant decrease in TC, TG, and VLDL as compared to the corresponding D group values after two and four weeks of treatment. However, LDL was significantly decreased in D+CAN group after the 4th week of treatment compared to the corresponding D group value. Treatment with MET achieved significant reduction in TC, TG, LDL and VLDL as compared to the corresponding D group values in the two intervals. Meanwhile, D+MET group exhibited significant increase in HDL as compared to the corresponding D group value after two and four weeks of treatment. MET treated group exhibited significant reduction in TC, TG, and LDL level as compared to that recorded for the D+CAN group after two weeks of treatments and significant decrease was observed in VLDL level as compared to D+CAN group at the 4th week. D+MET group exhibited significant increase in the level of HDL as compared to that of the D+CAN at 2nd week.
Effect of treatments on kidney and liver functions parameters
Data in Table 2 showed significant increase in the serum creatinine, urea, uric acid levels and ASAT, ALAT and ALP enzymes activity in diabetics from the corresponding control values after two and four weeks, respectively. Results of diabetic group at the 4th week showed significant increase in uric acid contents and ASAT and ALAT enzymes activities as compared to that recorded at the 2nd week of diabetes induction. Treatment with CAN and MET achieved significant reduction in the aforementioned parameters except for ALAT as compared to the corresponding diabetic group values. MET treated group exhibited significant increase in creatinine level as compared to that recorded for the D+CAN group after four weeks of treatments and significant decrease was observed in urea level as compared to D+CAN group after two weeks. In the meantime, MET treated group exhibited significant decrease in the ASAT activities as compared to D+CAN group after two and four weeks of treatments and in ALAT activities as compared to D+CAN group after four weeks.
DISCUSSION
The study investigated the fatty acid composition of butter sample showing high content of SFA, lauric (C12:0), myristic C14:0 and palmitic C16:0 and a higher content of MUFA oleic acid C18:1 which in line with previous investigations of butter samples (Ledoux et al., 2005; Rutkowska and Adamska, 2011) . The body weight significant increment was expected due to the imbalance in energy homeostasis developed in HFD fed rats, which is consistent with previous studies demonstrating that fat accumulation is greater when more energy comes from dietary fat than from carbohydrate or protein (Woods et al., 2003) . The increment in lipid parameters over normal values induced due to the butter consumption in rats support the influence of SFAs on serum TC, TG and lipoprotein metabolism previously discussed (Ledoux et al., 2005; Prasanna and Narsimha, 2014) . Lin et al. (2005) showed that diets rich in SFAs might mediate their hyperlipidemic effects in mice via peroxisome proliferatoractivated receptor γ coactivator-1β (PGC-1β). PGC-1β expression greatly increased in cultured rat primary hepatocytes treated with individual SFAs, particularly after incubation with palmitic acid. Results of our rat model is in line with previous studies that reported that rats fed with HFD are already mildly hyperglycemic and more susceptible to develop significant hyperglycemia and hyperlipidemia with low doses of STZ, which mimics the human T2DM (Reed et al., 2000; Srinivasan et al., 2005; Bansal et al., 2012) . As predicted in our study, previously, rat diabetic model showed significant increase in measures for oxidative stress metabolite, liver and kidney functions (Sahin et al., 2007) . Rat treatment with HFD and small dose of STZ showed significant increase in the insulin resistance index, and significant decrease in insulin-sensitivity index as compared to normal control rats indicating the development of insulin resistance in the diabetic rat model like in our model, which showed impairment in glucose tolerance (Sasidharan et al., 2013) . Randle et al. (1963) suggested the role of elevated free fatty acid (FFA) availability and insulin resistance and speculated that high plasma concentration of FFA is one of the common characteristics in patients with either diabetes or other carbohydrate disorders. This hypothesis was supported by studies which established that insulin resistance could induced within hours through lipid infusion or weeks through a high fat feeding regimen (Randle et al., 1963 (Randle et al., , 1964 . Rats fed with high fat diet developed insulin resistance by different mechanisms mainly through Randle or glucose-fatty acid cycle (Zhang et al., 2003) . STZ destroys beta cells that increased blood glucose level and decreased insulin secretion. In addition, STZ induces DNA methylation in beta cells that lead to beta cell death and protein methylation that lead to beta cells dysfunction as well as other deleterious effects by means of the production of ROS (Eleazu et al., 2013) . CAN significantly lowered body weight and the most likely mechanism of weight loss is the caloric loss related to renal glucose wasting (Yang et al., 2014) . Polidori et al. (2013) concluded that CAN 300 mg reduces postprandial plasma glucose and insulin concentration in healthy subjects by two distinct mechanisms first by increasing urinary glucose excretion (UGE) due to renal SGLT2 inhibition and secondly by delaying the rate of end, which is likely due to transient intestinal SGLT1 inhibition. The inhibition of SGLT2 by CAN provides a novel mechanism for control of hyperglycemia in patients with diabetes, enhancing urinary glucose excretion and promoting a natriuretic and diuretic action (Komala et al., 2013) .
This unique mechanism of action results in decreased blood glucose levels (via glucose excretion) and weight loss via caloric deficit (Nisly et al., 2013) . CAN monotherapy reported on the improvement of fasting lipid values (HDL-C and TG), while LDL-C values increased modestly and the decreasing effect on uric acid as compared to placebo value (Stenlöf et al., 2013) . CAN monotherapy provides improvement in weight, blood pressure, and lipid parameters (Vivian, 2014; Scheen, 2015) . Liang et al. (2012) suggested about reduced body weight gain in CAN -treated animals obesity rodent models by increased fatty acid metabolism and/or reduced de novo lipogenesis. The mechanism by which CAN reduces serum uric acid was postulated to involve the renal SLC2A9 transporter, which, is known to exchange glucose for uric acid and this potential mechanism is supported by evidence of trans-stimulation of uric acid efflux with high glucose concentrations in Xenopus oocytes expressing SLC2A9b (Chino et al., 2014) . SGLT2 inhibitors proposed may improve glomerular filtration rate and might possibly protect longterm renal function (Stanton, 2014) .
The results about liver and kidney functions showed improvement and consistent with previous studies (Inagaki et al., 2015; Ji et al., 2015) . Meanwhile increasing severity of renal impairment, requiring dosage adjustments or restrictions with moderate-to-severe renal dysfunction in addition to cautions in liver function have been discussed (Halimi and Vergès, 2014) .
MET is widely used for the treatment of diabetes and studies on rat diabetic models created as MET treatment (200 mg/kg) for 4 weeks in rat model of HFD+STZ diabetes induced significant reduction of body weight and glucose level in OGTT test and serving significant improvement in insulin resistance (Saad et al., 2015) . MET treatment (180 mg/kg) for three weeks significantly reduced body weight, fasting blood glucose and excursion (OGTT) as well as significant reduction in serum lipid profile in high fat diet and low dose STZinduced T2DM in rats (Bhandari et al., 2013) . The weight loss effect of MET may be due to the improvement of the metabolic changes in diabetic patients with decreased synthesis and increased clearance of VLDL as described by Wiernsperger and Bailey (1999) . Lobato et al. (2012) recorded that MET treatment decreased cholesterol, TG and LDL and increased HDL levels, which disturbed in monosodium glutamate-induced obese non-diabetic rats to restore the normal values. Zhou et al. (2001) found out that the major cellular regulator of lipid and glucose metabolism 5' adenosine monophosphate-activated protein kinase (AMPK) activation is required for MET's inhibitory effect on glucose production by hepatocytes. Geerling et al. (2014) discussed the importance of brown adipose tissue (BAT) in the lipid-lowering action and weight loss effect of MET by lowering plasma TG, through a selective BAT-mediated increase in VLDL-TG uptake/lipolysis. The mechanism postulated by increased AMP-activated protein kinase α1 (AMPKα1) expression and activity of the lipolytic enzyme hormone sensitive lipase (HSL) and mitochondrial content in BAT.
MET at a dose of 125 mg/kg restored the levels of ALAT, ASAT and ALP in rats chemically induced hepatocarcinogenesis (Afzal et al., 2012) . A novel mechanism reported about MET may protect against apoptosis, involving the induction of hemeoxygenase-1 (HO-1) and bcl-xl expression and the reduction of mitogen-activated protein kinase (JNK) activation and the modulation of JNK activity represents a target for the treatment of these disorders (de la Rosa et al., 2015) . MET ameliorates functional defects, activation of caspases and apoptosis in pancreatic islets from type 2 diabetic patients (Marchetti et al., 2004) .
The study suggests that increase consumption of butter prompted obesity and the risk of insulin resistance and treatment with either CAN or MET can reduce the body weight, blood glucose level, resist the lipid metabolism disturbance by different mechanisms and improve liver and kidney functions of the obese T2DM rat model. This with the advantage of MET on body weight loss and HDL and TG improvement effect over that of CAN treatment and the advantage of CAN in blood glucose tolerance due to the higher amount of glucose to be excreted within the urine. Long-term studies should be conduct to evaluate the efficacy and safety of CAN.
